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(54) Tilt control apparatus for industrial vehicles 

(57) An industrial vehicle including a frame, an axle 

(10) pivotally mounted on the frame, a restriction mech- 
anism (13) for restricting the pivotal movement of the 
axle (10), a pair of vehicle wheels (11) rotatably sup- 
ported on the axle (10), and a steering mechanism hav- 
ing a steering wheel (12) for steering the vehicle wheels 

(1 1) in accordance with rotation of the steering wheel 

(12) . A first detecting device (23) detects an angular 
position of the steering wheel (12). The angular position 
represents a steering amount of the steering wheel. A 
second detecting device (21) detects a wheel angle. 
The wheel angle is the angle between a plane perpen- 
dicular to a rotation axis of the vehicle wheel and a line 
representing straight running of the vehicle. A third 
detecting device detects a yaw rate of the vehicle. A 
fourth detecting device detects a vehicle speed. A cal- 
culating mechanism (28) calculates a plurality of varia- 
bles based on the detected angular position of the 
steering wheel (12), wheel angle, yaw rate and vehicle 
speed. The variables include lateral acceleration, yaw 
rate changing rate, and lateral acceleration changing 
rate. A control mechanism controls the restriction mech- 
anism to restrict the pivotal motion of the axle (1 0) when 
one of the variables exceeds a predetermined reference 
value. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a tilt control appa- 
ratus for industrial vehicles, and more particularly, to an 
industrial vehicle tilt control apparatus for locking an 
axle, which is tiltable with respect to the vehicle body, in 
accordance with road conditions. 

In the prior art, forWifts employ rear axles that are 
tiltable with respect to the vehicle body to stabilize the 
traveling forWift However, the tiltable axle causes 
excessive tilting of the vehicle body when centrifugal 
force is produced as the forkTrft changes directions. This 
degrades the stability of the traveling vehicle. 

Accordingly, Japanese Unexamined Patent Publi- 
cation No. 58-211903 describes a forkilift having a 
detector that detects centrifugal force. When the centrif- 
ugal force acting on the vehicle exceeds a predeter- 
mined value, the tiltable axle is locked. The locking of 
the axle minimizes the tilting of the vehile body when 
changing directions and enables stable steering. 

Japanese Unexamined Patent Publication No. 58- 
167215 describes a forWift having a weight detector for 
detecting the weight of objects held on the forWift's forks 
and a height detector for detecting the vertical position 
of the forks. The tiltable axle is locked when the weight 
of the object carried on the forks is heavier than a pre- 
determined value and when the forks are located above 
a predetermined position. 

However, in both types of forWifts, malfunctioning of 
any one of the detectors would hinder the locking of the 
axle. This would hinder stable steering of the vehicle. 

SUMMARY OF THE INVENTION 

Accordingly, it is an objective of the present inven- 
tion to provide an industrial vehicle tilt control apparatus 
that stabilizes steering regardless of malfunctioning 
detectors, which are used to determine whether to lock 
the axle. 

To achieve the above objective, the present inven- 
tion provides an industrial vehicle for conveying a load. 
The industrial vehicle includes a frame, an axle pivotally 
mounted on the frame, a restriction mechanism for 
restricting the pivotal movement of the axle, a pair of 
vehicle wheels rotatably supported on the axle, and a 
steering mechanism having a steering wheel for steer- 
ing the vehicle wheels in accordance with rotation of the 
steering wheel. A first detecting device detects an angu- 
lar position of the steering wheel. The angular position 
represents a steering amount of the steering wheel. A 
second detecting device detects a wheel angle. The 
wheel angle is the angle between a plane perpendicular 
to a rotation axis of the vehicle wheel and a line repre- 
senting straight running of the vehicle. A third detecting 
device detects a yaw rate of the vehicle. A fourth detect- 
ing device detects a vehicle speed. A calculating mech- 



anism calculates a plurality of variables based on the 
detected angular position of the steering wheel, wheel 
angle, yaw rate and vehicle speed. The variables 
include lateral acceleration, yaw rate changing rate, and 

5 lateral acceleration changing rate. A control mechanism 
controls the restriction mechanism to restrict the pivotal 
motion of the axle when one of the variables exceeds a 
predetermined reference value. 

Other aspects and advantages of the invention will 

io become apparent from the following description, taken 
in conjunction with the accompanying drawings, illus- 
trating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
20 erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

Fig. 1 is a diagrammatic view showing a first 
25 embodiment of a tilt control apparatus according to 
the present invention; 

Fig. 2 is a diagrammatic view showing the axle lock- 
ing mechanism of the apparatus of Fig. 1; 

30 

Fig. 3 is a side view showing a forWift employing the 
apparatus of Fig. 1; 

Fig. 4 is a plan view showing the forWift of Fig. 3; 

35 

Fig. 5 is a block diagram showing the electric struc- 
ture of the apparatus of Fig. 1 ; 

Rg. 6 is an explanatory diagram used to describe 
40 the voltage detected in accordance with the wheel 
angle; 

Fig. 7 is a graph showing the relationship between 
the handle angle 0 (wheel angle 0) and the turning 
45 radius reciprocal 1/r; 

Rg. 8 is a graph showing the fluctuation of lateral 
acceleration and yaw rate changing rate during 
steering of the forWift; 

50 

Rg. 9 is a flowchart showing the tilt control routine; 

Rg. 10 is a flowchart showing the tilt control routine 
continuing from Fig. 9; 

55 

Rg. 11 is a flowchart showing the wire break- 
age/short circuit testing routine; 
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Fig. 12 is a flowchart showing a fall off testing pro- 
cedure; 

Fig. 13 is a flowchart showing the short circuit test- 
ing procedure; 

Fig. 14 is a flowchart showing the tilt control routine 
employed in a further embodiment according to the 
present invention; 

Fig. 15 is a flowchart showing the swing control rou- 
tine continuing from Fig. 14; 

Fig. 16 is a flowchart showing the swing control 
employed in a further embodiment according to the 
present invention; and 

Fig. 17 is a flowchart showing the swing control 
continuing from Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment according to the present inven- 
tion will now be described with reference to Figs. 1 to 
12. 

Figs. 1 and 3 show an industrial vehicle, or forklift 1, 
having two front drive wheels 7 and two rear steered 
wheels 11. The left and right front wheels 7 are con- 
nected to an engine 9 (shown in Fig. 3) by a differential 
gear 8 (shown in Fig. 1) and a transmission (not shown). 
Thus, the front wheels 7 are driven by the engine 9. 

As shown in Figs. 1 and 2, the fbrklift 1 has a body 
frame 1a. A rear axle 10 extends laterally through the 
lower rear portion of the body frame 1a between the 
rear wheels 1 1. The rear axle 10 is supported prvotally 
about a center pin 10a to permit tilting of the rear axle 
1 0 with respect to the body frame 1 a. A king pin 20 sup- 
ports each rear wheel 1 1 to turn the rear wheel 1 1 with 
respect to the rear axle 10. The rear wheels 11 are 
steered by a steering mechanism (not shown). The 
steering mechanism includes a steering cylinder and is 
arranged on the rear axle 10. The rear wheels 11 are 
pivoted integrally with the rear axle 10 about the center 
pin 10a. A steering wheel, or steering handle 12, is 
manipulated to actuate the steering cylinder and steer 
the rear wheels 1 1 by means of the king pin 20. 

A hydraulic damper 13 connects the body frame 1a 
to the rear axle 10. The damper 13 is a multimovement 
cylinder that includes a housing 13a, a piston 13b, and 
a piston rod 13c. The housing 13a is coupled to the 
body frame 1a, while the piston rod 13c, which extends 
from the piston 1 3b, is coupled to the rear axle 1 0. 

The damper 13 houses a first chamber R1 and a 
second chamber R2, which are partitioned by the piston 
13b. An electromagnetic switch valve 14 is connected to 
the first chamber R1 through a first passage P1 and to 
the second chamber R2 through a second passage P2. 



The electromagnetic switch valve 14 has two ports and 
is normally closed. Thus, the switch valve 14 is closed 
when de-excited. The switch valve 14 also includes a 
spool having a restriction portion 15 and a flow portion 
5 16. 

The spool of the electromagnetic switch valve 14 is 
located at a closing position in Fig. 2. The flow of 
hydraulic oil into and out of the chambers R1 , R2 is pro- 
hibited in this state. Thus, the switch valve 14 locks the 
10 damper 13 and prohibits tilting of the rear axle 10 with 
respect to the body frame 1 a. When the spool is shifted 
to a communication position from the state shown in 
Fig. 2, the flow of hydraulic oil into and out of the cham- 
bers R1, R2 is permitted. Thus, the switch valve 14 
is unlocks the damper 13 and permits tilting of the rear 
axle 10 with respect to the body frame 1a. A throttle 
valve 19 is arranged in the second passage P2. The 
damper 13 and the electromagnetic switch valve 14 
construct an axle restricting mechanism. 
20 As shown in Figs. 1 and 2, a wheel angle sensor 21 
is arranged on one of the king pins 20 to detect the 
steered angle of the rear wheel 1 1 , or wheel angle 9 in 
correspondence with the turned amount of the king pin 
20. A device such as a potentiometer may be employed 
25 as the wheel angle sensor 21. As shown in Fig. 1, a 
vehicfe velocity sensor 22 is ^ an^g^^ the differential 
gear 8 to detect the speed, or velocity V, of the fbrklift 1 
in accordance with the rotation of the differential gear 8. 
The steering handle 12 is mounted on a steering 
30 shaft 12a. A rotary encoder 23 is arranged on the steer- 
ing shaft 12a to detect the angular position of the steer- 
ing handle 12, or handle angle He. The rotary encoder 
23 includes a disc 24 and sets of photo couplers. The 
disc and photo couplers are rotated integrally. The disc 
35 24 has equally spaced slits 24a that are arranged cir- 
cumferentially. The photo couplers detect the light that 
passes through the slits 24a. The rotary encoder 23 
serves as a handle angle sensor 25. The handle angle 
sensor 25 outputs digital signals h in accordance with 
40 the handle rotation detected by the photo transistors. 
The rotary encoder 23 may be used to compensate for 
the difference between the rotated angle of the steering 
handle 12 and the desired steered angle of the rear 
wheels 1 1 . In this embodiment, the rotary encoder 23 is 
45 used to locate malfunctions. 

As shown in Fig. 1 , the forklift 1 includes a controller 
28. The controller 28 is connected to a yaw rate gyro- 
scope 45, which detects the yaw rate a> of the forklift 1 . 
The gyroscope 45 is located on the rear upper surface 
so of the body frame 1a, as shown in Fig. 4. 

The controller 28 is also electrically connected to a 
solenoid 14a of the electromagnetic switch valve 14 and 
the sensors 21, 22, 25, 45. 

The electric structure of forklift 1 will now be 
55 described with reference to Fig. 5. 

The controller 28 incorporates a microcomputer 29, 
analog to digital (A/D) converters 30, 31 , 46, and a drive 
circuit 33, which is employed for the solenoid 14a. The 
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microcomputer 29 constructs first, second, and third 
judgement value detectors. The controller 28 also 
includes a central processing unit (CPU) 34, a read only 
memory (ROM) 35, a random access memory (RAM) 
36, a clock circuit 37, a steering counter 38, error 
counters 39, 40, 43, an input interface 41 , and an output 
interface 42. 

The wheel angle 9 detected by the wheel angle 
sensor 21 is sent to the CPU 34 by means of the A/D 
converter 30. The vehicle velocity V detected by the 
vehicle velocity sensor 22 is sent to the CPU 34 by 
means of the A/D converter 31 . The yaw rate a> detected 
by the sensor 45 is sent to the CPU 34 by means of the 
A/D converter 46. The digital signal h is sent to the CPU 
34 from the handle angle sensor 25. The CPU 34 sends 
command signals to drive circuit 33 to excite and de- 
excite the solenoid 34a. More specifically, the electro- 
magnetic switch valve 14 is excited when the CPU 34 
sends an unlock signal to move the spool to the commu- 
nication position. The electromagnetic switch valve 1 4 is 
de-excited when the CPU 34 sends a lock signal to 
move the spool to the closing position. 

Various data such as the tilt control routine shown 
in Figs. 9 and 10, and the sensor testing routine shown 
in Figs. 1 1 a n d 12 are stored in the ROM 35. Tilt control 
refers to a control that locks the rear axle 1 0 to suppress 
the lateral tilting of the vehicle body when the traveling 
forklift 1 becomes unstable. Tilt control is carried out in 
accordance with the traveling state of the forklift 1 and 
the state of the object carried by the forklift 1 . 

When performing the tilt control, various judgement 
values (variables) are detected periodically to deter- 
mine whether or not to lock the rear axle 10. 

The judgement values (variables) include the 
parameters of centrifugal accelerations (lateral acceler- 
ation) Gc and Gs, which are applied to the forklift 1 
when changing directions. The lateral acceleration Gc is 
obtained from the vehicle velocity and the turning 
radius, while the lateral acceleration Gs is obtained from 
the vehicle velocity and the yaw rate. The lateral accel- 
eration Gs will be described in more detail later. 

The judgement values also include the changing 
rate Y of the estimated yaw rate y (angular velocity pro- 
duced when changing directions) with respect to time, 
or the estimated yaw rate changing rate. 

Another parameter of the judgement values is the 
changing rate Ys of the actual yaw rate © (angular 
velocity produced when changing directions) with 
respect to time. 

The rear axle 10 is locked when anyone of the peri- 
odically detected judgement values of Gc, Gs, Y, Ys 
becomes equal to or greater than the reference values 
of g 0 . 9i. yo. y-i. respectively. 

The reference values of g 0 , gi, yo, yi are obtained 
either from experiments or theoretical calculations and 
represent values that indicate when the rear axle 10 
should be locked to stabilize the traveling vehicle. 

The clock circuit 37 sends clock signals to the CPU 



34. The CPU 34 executes the tilt control routine and the 
sensor testing routine for every predetermined time 
interval (e.g., ten milliseconds). The sensor testing rou- 
tine is executed each time a predetermined number of 

5 the swing control routine is executed. 

The steering counter 38 counts count values H, 
which correspond with the handle angle HO. The count 
value H detects the handle turning direction from two 
types of digital signals, which are sent to the CPU 34 

ro from the handle angle sensor 25 and which are offset 
from one another by a difference of one fourth the wave- 
length of a phase. When the steering handle 12 is 
turned to the left, the counter value H is decremented 
each time an edge of the digital signal h is detected. 

15 When the steering handle 12 is turned to the right, the 
counter value H is incremented each time an edge of 
the digital signal h is detected. 

The three error counters 39, 40, 43 are used when 
performing the sensor testing routine (Figs. 1 1 and 12). 

20 The error counters 39, 40, 43 indicate count values C K1 , 
C K2. C K3» respectively. Each counter 39, 40, 43 incre- 
ments the associated count value C K1 , C|<2, C^ each 
time the condition indicating malfunctioning of the wheel 
angle sensor 21 or the handle angle sensor 25 is satis- 

25 f ied until reaching the maximum value of ten. The count 
values C K1 , C^, C K3 are also decremented each time 
the conditions indicating normal functioning of the sen- 
sors 21, 22 are satisfied until reaching the minimum 
value of zero. The maximum and minimum count values 

30 are not limited to the above values and may be changed 
arbitrarily. 

Fig. 6 shows the wheel angle (voltage) e detected 
by the wheel angle sensor 21. When the wheel angle 
sensor 21 is functioning normally, the input value 8 is 

35 included in the range of e min ^e<9 max . Therefore, if the 
input value 9 is smaller than the minimum value 9 min , 
the wheel angle sensor 21 is judged as malfunctioning 
due to wire breakage, if the input value 0 is greater than 
the maximum value 8 max , the wheel angle sensor 21 is 

40 judged as malfunctioning due to short circuit. In Fig. 6, 
the alphabet E denotes the voltage of the power source. 

When the wheel angle sensor 21 falls off from the 
king pin 20, the wheel angle 9 does not change despite 
the manipulation of the steering handle 12. A number of 

45 precedent wheel angle data 8 and handle angle data H9 
are stored in the RAM 36. The wheel angle sensor 21 is 
determined as having fallen off from the associated king 
pin 20 if the wheel angular velocity A8/AT(=| 9-91 |/AT) 
is zero although the steering handle angular velocity 

so AH9/AT(=|H9- H91 |/AT) is positive. In other words, if 
the fall off condition of (AH9/AT>0 and A8/AT=0) is 
satisfied, the wheel angle sensor 21 is determined as 
malfunctioning. The values of 91 and H91 indicate data 
that was taken earlier by a predetermined time. 

55 If the wheel angle sensor 21 is functioning normally, 
the wheel angle 9 and the vehicle velocity V are used to 
calculate the lateral acceleration Gc and the estimated 
yaw rate changing rate Y If the wheel angle sensor 21 
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is malfunctioning, the handle angle HO and the vehicle 
velocity V are used to calculate the lateral acceleration 
Gc and the estimated yaw rate changing rate Y. In other 
words, the lateral acceleration Gc and the estimated 
yaw rate changing rate Y are calculated using the steer- 
ing handle angle HO in lieu of the wheel angle 0, as 
shown in the flowchart of Figs. 9 and 10. 

The ROM 35 stores a map that is referred to when 
obtaining the vehicle turning radius reciprocal 1/r of the 
from the wheel angle 6 (handle angle HO). The esti- 
mated lateral acceleration Gc is obtained from the fol- 
lowing equation (1) using the turning radius reciprocal 
1/r f which is determined from the wheel angle 8 (handle 
angle H8). 



Gc-V 2 /r 



(1) 



The estimated yaw rate changing rate Y is obtained 
from the following equation (2) 



Y=V • A(1/r)/AT 



(2) 



In the above equation, A(1/r) corresponds to the 
changing amount of the turning radius reciprocal 1/r per 
predetermined time AT (e.g., ten milliseconds). A 
number of the prior wheel angfe~da& 0 and the handle 
angle data H0 are stored in the RAM 36. The changing 
amount A(1/r) (=|1/r-1/r1|) is calculated by using the 
turning radius reciprocal 1/r1 f which is determined from 
the wheel angle data 61 (handle angle data Hei) that 
was taken earlier by a predetermined time AT. In this 
embodiment, the turning radius reciprocal 1/r is nega- 
tive when the vehicle is turned to the left and positive 
when turned to the right. 

The yaw rate g> is represented by <o= V7r . Thus, the 
presumed yaw rate changing rate Y(=A©/AT) corre- 
sponds to the time derivation of this formula and is rep- 
resented by the following equation. 



Y=V • A(1/r)/AT+AV/AT • (1/r) 



(3) 



In equation (3), the second clause may be ignored 
if the vehicle velocity V is substantially the same when 
the forklift 1 changes directions (AV/AT=0). In this 
embodiment, the approximate equation of equation (3), 
that is, formula (2), is used to obtain the estimated yaw 
rate changing rate Y. 

Once the rear axle 10 is locked, the rear axle 10 is 
unlocked only when the judgement value becomes 
lower than the locking value by a predetermined value. 
This prevents frequent locking and unlocking when the 
estimated yaw rate changing rate Y coincidentally 
approaches the reference value y 0 . The rear axle 10 is 
locked in the same manner in the embodiments 
described below. 

fn the flowchart shown in Figs. 9 and 1 0, steps S1 0, 
S40, S50, S60 are carried out to detect the first and sec- 
ond judgement values. Steps S10, S70 are carried out 



to detect the third detection value. Steps S10, S80 are 
carried out to detect the yaw rate changing rate. Steps 
S100 to S150 are carried out to restrict the tilting of the 
axle. 

5 In the flowchart shown in Figs. 1 1 to 1 3, steps S2 1 0 
to S280 and steps S310 to S400 are carried out to 
detect malfunctions based on the wheel angle. Steps 
S510 to S580 are carried out to detect malfunctions 
based on the handle angle. 
io The tilt control routine and the sensor testing rou- 
tine will now be described with reference to the flow- 
charts shown in Figs. 9 to 13. When an ignition key is 
turned to an ON position, the CPU 34 receives detection 
signals 0, V, h, © s from the associated sensors 21, 22, 
15 25, 45. The CPU 34 executes the tilt control routine for 
every predetermined time (e.g., ten milliseconds) and 
executes the sensor testing routine for every predeter- 
mined number of executions of the tilt control. The 
steering counter 38 counts the count value H in accord- 
20 ance with the handle angle He. 

The sensor testing routine will now be described. 
The wire breakage/short circuit testing of the wheel 
angle sensor 21 will first be described with reference to 
Fig. 11. At step S210, the CPU 34 reads the wheel 
25 angle 9. At step S220, the CPU 34 judges whether or 
not the wife breal^ge and short ciTcuif conditions of 
^min or e >9max are satisfied. If the wheel angle sensor 
21 is functioning normally and the wheel angle 8 is in 
the range of e min ^8<# max , the CPU 34 proceeds to step 
30 S230 and decrements the count value C K1 of the error 
counter 39. 

If a wire breakage occurs in the wheel angle sensor 
21 , the wheel angle 6 satisfies the condition of 8<8 min . if 
a short circuit occurs in the wheel angle sensor 21 , the 
35 wheel angle 0 satisf ies the condition of 6>e max . If any 
one of the conditions is satisfied, the CPU 34 proceeds 
to step S260 and increments the count value C K i of the 
error counter 39. 

The CPU 34 proceeds to step S240 from step 
40 S230. When the wheel angle sensor 21 is functioning 
normally, the count value C K1 of the error counter 39 
indicates zero during the execution of the sensor testing 
routine. If the CPU 34 determines that the count value 
C K1 of the error counter 39 indicates zero in step S240, 
45 the CPU 34 proceeds to step S250 and clears the first 
malfunction flag F1 . If the count value C K1 is greater 
than zero, the CPU 34 terminates the testing routine. 

TTie CPU 34 proceeds to step S270 from step 
S260. If the count value C K1 remains lower than ten, the 
so CPU 34 determines that the wheel angle sensor 21 is 
functioning normally and terminates the testing routine. 
When the count value C K1 reaches ten, the CPU 34 pro- 
ceeds to step S280 and sets the first malfunction flag to 
one. This indicates that the wheel angle sensor 21 is 
55 malfunctioning. 

For example, if the voltage corresponding to the 
wheel angle 8 is temporarily unstable such as during the 
starting of the engine, the conditions indicating malfunc- 
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tions, 6<emin or 0>emax, may be satisfied temporarily 
for a short period of time, in such case, the count value 
C K i does not reach ten and the first malfunction flag F1 
is thus not set at one. However, when a wire breakage 
or a short circuit takes place in the wheel angle sensor s 
21, the count value C K i reaches ten and the CPU 34 
thus sets the first malfunction flag F1 to one. 

The fall off testing routine of the wheel angle sensor 
12 will now be described with reference to Fig. 12. At 
step $310, the CPU 34 reads the wheel angles 0, 61 io 
and the handle angles HO, H91. At step S320, the CPU 
34 calculates the wheel velocity A0/AT=|O-01|AT . At 
step S330, the CPU 34 calculates the handle angular 
velocity AH0/AT=|H9-H01 |AT . 

At step S340, the CPU 34 determines whether or is 
not the conditions corresponding to a fall off state of the 
wheel angle sensor 21 are satisfied. The fall off condi- 
tion related to the wheel angular velocity is A0/AT=O 
and the fall off condition related to the handle angular 
velocity is AH6/AT>0. In other words, the CPU 34 20 
determines whether the wheel angular velocity changes 
appropriately in accordance with the handle angular 
velocity. When the wheel angle sensor 21 is functioning 
normally the condition related to the wheel angular 
velocity (A6/AT>0) is always satisfied if the condition 25 
relateJtolhe handle angular velocity (AH8/AT>0)ls 
satisfied. In such case, the fall off condition is not satis- 
fied. Thus, the CPU 34 proceeds to step S350 and dec- 
rements the count value C|<2 of the error counter 40. 

If the wheel angle sensor 21 falls off the king pin 20, 30 
the turning of the king pin 20 is not transmitted to the 
input shaft of the wheel angle sensor 21 when the asso- 
ciated rear wheel 1 1 is steered. This results in the wheel 
angle 6 detected by the wheel angle sensor 21 being 
constant. In such case, the wheel angular velocity does 35 
not correspond with the handle angular velocity. Thus, 
the CPU 34 proceeds to step S380 and increments the 
count value C^ of the error counter 40. 

At step S390, the CPU 34 terminates the testing 
routine if the count value Ck2 is lower than ten. When 40 
the count value Ck2 reaches ten, the CPU 34 proceeds 
to step S400 and sets the first malfunction flag F1 to one 
to indicate that the wheel angle sensor 21 has fallen off 
from the king pin 21. 

If the wheel angle sensor 21 is functioning normally, 45 
the count value Ck2 of the error counter 40 indicates 
zero. In such case, the CPU 34 proceeds to step S370 
from step S360 and clears the first malfunction flag F1 
to indicate that the wheel angle sensor 21 is functioning 
normally. so 

For example, if the wheel angle sensor 21 is func- 
tioning normally but a delay in the movement of the rear 
wheel 11 occurs with respect to the handle manipula- 
tion, the conditions of AH0/AT>0 and A6/AT=0 may 
be satisfied. However, since such state is temporary, the 55 
count value C^ does not reach ten. Therefore, the first 
malfunction flag F1 remains set at zero. If the wheel 
angle sensor 21 falls off from the king pin 20, the count 



value reaches ten and then remains at this value. 
Thus, the first malfunction flag F1 remains set at one. 

The wire breakage/short circuit testing routine of 
the handle angle sensor 25 will now be described with 
reference to Fig. 13. 

At step 51 0, the CPU 34 reads the handle angle HO. 
At step S520, the CPU 34 judges whether or not the 
wire breakage and short circuit conditions of H0<H6 min 
and H6>He max are satisfied. If the handle angle sensor 
25 is functioning normally and the handle angle H0 is in 
the range of HOmin^HO^HOmax, the CPU 34 proceeds 
to step S530 and decrements the count value C K 3 of the 
error counter 43. 

If a wire breakage occurs in the handle angle sen- 
sor 25, the handle angle HO is a value that satisfies the 
condition of H9<H0 min . If a short circuit occurs in the 
handle angle sensor 25, the handle angle HO is a value 
that satisfies the condition of H0>HO max : If any one of 
the conditions is satisfied, the CPU 34 proceeds to step 
S560 and increments the count value C K3 of the error 
counter 43. 

From step S560, the CPU 34 proceeds to step 
S570. If the count value C K3 is lower than ten, the CPU 
34 terminates the routine. If the CPU 34 determines that 
the count value Ck3 has reached ten in step S570, the 
CPU 34 prdceedsTo step SSSff and selslrTe^secbhcT 
malfunction flag F2 at one. 

From step S530, the CPU 34 proceeds to step 
S540. When the handle angle sensor 25 is functioning 
normally, the count value C K 3 of the error counter 43 
indicates zero. If the count value C K 3 of the error coun- 
ter 43 is determined as indicating zero in step S540, the 
CPU 34 proceeds to step S550 and clears the second 
malfunction flag F2. 

For example, if the detected voltage 8 is temporarily 
unstable such as during the starting of the engine, the 
conditions indicating malfunctions, H0<H0 min or 
H0>H9 max may be satisfied temporarily for a short 
period of time. In such case, the count value C K1 does 
not reach ten and the second malfunction flag F2 is thus 
not set at ones. However, when a wire breakage or a 
short circuit occurs in the handle angle sensor 25, the 
count value C K 3 reaches ten and the CPU 34 thus sets 
the second malfunction flag F2 to one. 

The tilt control routine will now be described with 
reference to Figs. 9 and 10. 

At step S10, the CPU 34 reads the wheel angle 0, 
the handle angle HO, the vehicle velocity V, and the yaw 
rate ©5. At step S20, the CPU 34 determines whether or 
not the first malfunction flag F1 is set at one. If the wheel 
angle sensor 21 is functioning normally and the first 
malfunction flag F1 is set at zero, the CPU 34 proceeds 
tostepS40. 

If a wire breakage or short circuit occurs in the 
wheel angle sensor 21 or if the wheel angle sensor 21 
has fallen off from the king pin 21 and the first malfunc- 
tion flag F1 is thus set at one, the CPU 34 proceeds to 
step S30 and replaces the value of the wheel angle 0 
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with the value of the handle angle H8 P which was read in At step S1 1 0 f the CPU 34 determines whether or 

step S10. not the estimated lateral acceleration Gc is equal to or 

Accordingly; if a wire breakage or short circuit greater than the associated reference value g 0 . If the 
occurs in the wheel angle sensor 21 or if the wheel condition of Gc>g 0 te satisfied, the CPU 34 proceeds to 
angle sensor 21 falls off from the king pin 21 and the s step S1 50 and generates a lock command. More specif- 
first malfunction flag F1 is set at one, the CPU 34 uses icaily, the CPU 34 sends a lock signal to the electromag- 
the handle angle HO as the wheel angle 0 from step netic switch valve 14 to shift the spool to its dosing 
S40. position. If the condition of Gc<g 0 is satisfied, the CPU 

If there is no wire breakage or short circuit in the 34 proceeds to step S120. 

wheel angle sensor 21 or if the wheel angle sensor 21 io At step S120, the CPU 34 determines whether the 

has not fallen off from the king pin 21 and the first mal- yaw rate changing rate Ys is equal to or greater than the 

function flag F1 is set at zero, the CPU 34 keeps using reference value If the condition of Ys<y 1 is satisfied, 

the same value of the wheel angle 0, which was read in the CPU 34 proceeds to step S1 30. 

step $10, subsequent to step S40. At step S130, the CPU 34 determines whether or 

For the sake of brevity, the wheel angle 6 will be is not the lateral acceleration value Gs is equal to or 

used to describe the steps starting from S40 even when greater than the associated reference value g-,. If the 

the value of the handle angle He is actually used as the condition of Gs>gi is satisfied, the CPU 34 proceeds to 

wheel angle 0. step S1 50 and generates a lock command. More specif - 

At step S40, the CPU 34 obtains the turning radius icaily, the CPU 34 sends a lock signal to the electromag- 

reciproca! 1/r from the wheel angle e using a map stored 20 netic switch valve 14 to shift the spool to its closing 

in the ROM 35. Fig. 7 shows the map illustrating the position. If the condition of Gs<g 1 is satisfied, the CPU 

relationship between the handle angle He (wheel angle 34 proceeds to step S140 and generates an unlock 

6) and the turning radius reciprocal 1/r. command. More specifically, the CPU 34 sends an 

At step S50, the estimated lateral acceleration Gc is unlock signal to the electromagnetic switch valve 14 to 

calculated from equation (1) using the vehicle velocity V 25 shift the spool to its communication position, 

and the turning radius Reciprocal 1/r. Afstep 360, the Therefore, wheTTahy~one of the >^rale changing 

CPU 34 calculates the yaw rate changing rate Y. In rate Y, Ys and the lateral acceleration Gc, Gs becomes 

other words, the CPU 34 reads the wheel angle data 01 , equal to or greater than its associated reference value 

which was taken a predetermined time AT earlier, from y 0 , g 0 , y 1( g 1( the electromagnetic switch valve 14 is 

a predetermined memory area of the RAM 36. The CPU 30 shifted to the closing position to lock the rear axle 1 0. In 

34 then obtains the turning radius reciprocal 1/r1 corre- this embodiment, the reference values y 0 , y\ are equal 

spending to the wheel angle value 01 and calculates the to each other. The reference values g 0 , g-j are also 

estimated yaw rate changing rate Y using equation (2). equal to each other. However, the corresponding refer- 

At step S70, the lateral acceleration Gs is calcu- ence values may differ from one another, 

lated from the following equation using the vehicle 35 In step 110, if the condition of G<g 0 is satisfied, the 

velocity V and the yaw rate © s . CPU 34 may skip steps 120, 1 30 and proceed directly to 

step S1 40. 

Gs=V • ©s Fig. 8 is graph showing changes in the relationship 

between the lateral acceleration Gc, Gs and the yaw 

At step S80, the CPU 34 calculates the yaw rate 40 rate changing rate Y, Ys when the fbrklift 1 changes 

changing rate Ys using the yaw rate g>s. directions. For example, if the fbrklift 1 is traveling 

straight and then turned to the left, the yaw rate chang- 

Ys=Aco S /AT ing rates Y, Ys exceed the associated reference values 

y 0 , y 1 and locks the rear axle 10 at an early stage. As 

At step S90. the CPU 34 determines whether or not 45 the wheel angle 0 (handle angle H0) becomes constant, 

the second malfunction flag F2 is set at one. If the nan- the yaw rate changing rates Y Ys become lower than 

die angle sensor 25 is functioning normally and the sec- the associated reference values y 0 , yj. However, the lat- 

ond malfunction flag F2 is set at zero, the CPU 34 eral acceleration Gc, Gs is equal to or greater than the 

proceeds to step S100. associated reference values g 0 , gi at this point. Thus, 

At step S100, the CPU 34 determines whether or so the rear axle 10 remains locked as long as the fbrklift 1 

not the estimated yaw rate changing rate Y is equal to or is turned. 

greater than the reference value y 0 . If the condition of When the forklift 1 is turned to the right after being 

Y>y 0 is satisfied, the CPU 34 proceeds to step S150 turned to the left, the lateral acceleration temporarily 

and generates a lock command. More specifically, the becomes lower than the associated reference values 

CPU 34 sends a lock signal to the electromagnetic ss g 0 , g 1 as the direction of the lateral acceleration 

switch valve 14 to shift the spool to its closing position. changes from left to right. However, the yaw rate chang- 

If the condition of Y<yo is satisfied, the CPU 34 pro- ing rate Y, Ys is equal to or greater than the associated 

ceeds to step S1 10. reference value y 0 , yi during this period. Thus, the rear 
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axle 10 remains locked when the forWift 1 is succes- 
sively steered in opposite directions. In Fig. 8, the refer- 
ence values g 0 , gi and y 0 , y<[ are shown as equal values 
for the sake of brevity. However, these values do not 
necessarily have to be equal to each other. s 

If the handle angle sensor 25 is malfunctioning and 
the second malfunction flag F2 is set at one in step S90, 
the CPU 34 proceeds to step S120. The CPU 34 then 
determines whether or not to generate a lock command 
based on the yaw rate changing rate Ys and the lateral 10 
acceleration Gs, which are calculated from the yaw rate 
<o s , in steps 120 and 130. 

More specifically, at step S120, the CPU 34 deter- 
mines whether or not the yaw rate changing rate Ys is 
equal to or greater than the associated reference value is 
y-j . If the condition of Ys>y-| is satisfied, the CPU 34 pro- 
ceeds to step S150 and generates a lock command. If 
the condition of Ys<y-j is satisfied in step S120, the CPU 
34 proceed to step S1 30. 

At step S130, the CPU 34 determines whether or 20 
not the lateral acceleration value Gs is equal to or 
greater than the associated reference value gj. If the 
condition of Gs>g 1 is satisfied, the CPU 34 proceeds to 
step S150 and generates a lock command. If the condi- 
tion of Gs<g 1 is satisfied , the CPU 34 proceeds to step 25 
Si 40 and generates an Lrriiock corhmand. 

The advantages obtained in this embodiment are 
described below. 

(a) When the wheel angle sensor 21 and the handle 30 
angle sensor 25 are functioning normally, the CPU 

34 obtains the wheel angle 6 detected by the wheel 
angle sensor 21. The CPU 34 also calculates the 
yaw rate changing rates Y, Ys and the lateral accel- 
erations Gc, Gs based on the yaw rate ©3 detected 3s 
by the gyroscope 45. When any one of the yaw rate 
changing rates Y, Ys and the lateral accelerations 
Gc, Gs becomes equal to or greater than the asso- 
ciated reference values y 0 , y-j, g 0 , Qi; the CPU 34 
locks the axle restricting mechanism, which 40 
includes the damper 13 and the electromagnetic 
switch valve 14. Therefore, the stabilization of the 
forWift 1 is guaranteed when changing directions. 

(b) When the wheel angle sensor 21 is malfunction- 45 
ing but the handle angle sensor 25 is functioning 
normally, the CPU 34 calculates the yaw rate 
changing rates Y, Ys and the lateral accelerations 
Gc, Gs based on the handle angle He detected by 
the handle angle senor 25 and the yaw rate e> s so 
detected by the gyroscope 45, which is a yaw rate 
sensor. When any one of the yaw rate changing 
rates Y, Ys and the lateral accelerations Gc, Gs 
becomes equal to or greater than the associated 
reference values y 0l yi. go. 9i. the CPU 34 locks 55 
the axle restricting mechanism, which includes the 
damper 13 and the electromagnetic switch valve 

14. Therefore, the stabilization of the forWift 1 is 



guaranteed when changing directions despite the 
malfunctioning wheel angle sensor 21 . 

(c) The CPU 34 calculates the yaw rate changing 
rate Ys and the lateral acceleration Gs based on 
the yaw rate ©s detected by the gyroscope 45 even 
when the wheel angle sensor 21 and the handle 
angle sensor 25 are both malfunctioning. When any 
one of the yaw rate changing rate Ys and the lateral 
acceleration Gs becomes equal to or greater than 
the associated reference values y|, g-i , the CPU 34 
locks the axle restricting mechanism, which 
includes the damper 13 and the electromagnetic 
switch valve 14. Therefore, the stabilization of the 
forWift 1 is guaranteed when changing directions 
regardless of the wheel angle sensor 21 and the 
handle angle sensor 25 both malfunctioning. 

(d) The handle angle sensor 25, which detects the 
handle angle He that changes synchronously with 
the wheel angle e, is used to test the wheel angle 
sensor 21. Furthermore, the CPU 34 locates mal- 
functions by determining whether or not the rela- 
tionship between the handle angular velocity 
AHe/AT and the wheel angular velocity Ae/AT satis- 
fies IhlTa^tion i of AHl/AT^'and" Ae/AT=0 . 
Therefore, if the wheel angle sensor 21 falls off from 
the Wng pin 21 , the acknowledgment of the missing 
state of the wheel angle sensor 21 is guaranteed. 

(e) The CPU 34 monitors the voltage corresponding 
to the wheel angle e detected by the wheel angle 
sensor 21 and determines whether or not the volt- 
age is included within a range that indicates normal 
functioning of the wheel angle sensor 21. This 
locates the occurrences of wire breakage and short 
circuit in the wheel angle sensor 21. 

(f) When the wheel angle sensor 21 malfunctions, 
the handle angle He is used as the wheel angle. 
Thus, when the wheel angle sensor 21 malfunc- 
tions, the CPU 34 performs substantially the same 
control as when the wheel angle sensor 21 func- 
tions normally. 

(g) The CPU 34 monitors the voltage corresponding 
to the handle angle He detected by the handle 
angle sensor 25 and determines whether or not the 
voltage is included within a range that indicates nor- 
mal functioning of the handle angle sensor 25. This 
locates the occurrences of wire breakage and short 
circuit in the handle angle sensor 25. 

(h) The CPU 34 also locks the rear axle 10 when 
the yaw rate changing rates Y, Ys become equal to 
or greater than the associated reference values y 0 , 
y^ This readily locks the rear axle 10 when the 
operator of the forWift 1 starts to turn the steering 
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handle. Furthermore, the rear axle 10 is prevented 
from being unlocked when the forfdift 1 is turned 
successively from one direction to the other. Thus, 
the forklift 1 is always stabilized when changing 
directions. s 

(i) The handle angle sensor 25, which was originally 
employed for other purposes, is used when testing 
the swing control sensors. The handle angle sensor 
25 is also used in lieu of the wheel angle sensor 25 10 
when the wheel angle sensor 25 malfunctions. The 
employment of the same sensor for different pur- 
poses is beneficial in terms of production costs. 

A second embodiment according to the present 15 
invention will now be described with reference to Figs. 
14 and 15. In this embodiment, like or identical ele- 
ments corresponding to that of the first embodiment will 
be denoted with the same reference numerals. 

The sensor testing routine executed in the second 20 
embodiment is the same as that executed in the first 
embodiment. 

In the second embodiment, the wheel angle 0 and 
the handle angle HO are used to obtain the estimated 
yaw rate changing rate and the lateral acceleration. The 25 
wheel angle 0 is used to obtain the turning radius r, the 
lateral acceleration Gc, and the estimated yaw rate 
changing rate Y The handle angle HO is used to obtain 
the turning radius rh, the lateral acceleration Gch, and 
the estimated yaw rate changing rate Yh. 30 

In the flowcharts shown in Figs. 14 and 15, steps 
S10, S40A, S50 are carried out to detect the first judge- 
ment value. Steps S10, S40A, S50A are carried out to 
detect the second judgement value. 

Steps S10, S70 are carried out to detect the third 35 
judgement value. Steps S10, S80 are carried out to 
detect the yaw rate changing rate. Steps S 100 to S150 
are carried out to lock the axle to,the vehicle body. The 
ROM 35 stores maps used to obtain the turning radius 
reciprocal 1/r from the wheel angle 0 and the turning 40 
radius reciprocal 1/rh from the handle angle HO. The 
turning radius reciprocal 1/r, which corresponds to the 
wheel angle 0, is used to calculate the estimated lateral 
acceleration Gc. The turning radius reciprocal 1/rh, 
which corresponds to the handle angle HO, is used to 45 
calculate the estimated lateral acceleration Gch. 

The flowchart of the tilt control routine shown in 
Figs. 14 and 15 will now be described. The flowchart dif- 
fers from the corresponding flowchart of the first embod- 
iment shown in Figs. 9 and 10 in that steps 20 and 30 so 
are deleted. Step 40 is replaced by step 40A. Step 50A 
is inserted between steps 50 and 60. Step 60A is 
inserted between step 60 and 70. Step 90A is inserted 
between step 80 and 90. Steps 11 OA and 11 0B are 
inserted between steps 110 and 120. The other steps 55 
are identical to the corresponding steps carried out in 
the flowchart of the tilt control routine shown in the flow- 
chart of Figs. 9 and 10. 



When entering the tilt control routine, the CPU 34 
first carries out step S10. The CPU 34 then proceeds to 
step S40A and refers to a map stored in the ROM 35 to 
obtain the turning radius reciprocal 1/r corresponding to 
the wheel angle 0 and the turning radius value 1/rh cor- 
responding to the handle angle HO. 

The CPU 34 then carries out step S50 and pro- 
ceeds to step S50A afterward. At step S50A, the CPU 
34 calculates the estimated lateral acceleration value 
Gch from equation (1). At step S60, the CPU 34 calcu- 
lates the estimated yaw rate changing rate Y. At step 
S60A, the CPU 34 calculates the estimated yaw rate 
changing rate Yh from the handle angle HO. 

After carrying out steps S70 and S80, the CPU 34 
proceeds to step S90A and determines whether or not 
the first malfunction flag F1 is set at one. If the wheel 
angle sensor 21 is functioning normally and the first 
malfunction flag F1 is set at zero, the CPU 34 proceeds 
to step S90. At step S90A, if the wheel angle sensor 21 
is malfunctioning and the first malfunction flag Ft is set 
at one, the CPU 34 proceeds to step S1 1 0A. 

At step S90, the CPU 34 determines whether the 
second malfunction flag F2 is set at one. If the handle 
angle sensor 25 is functioning normally and the second 
malfunction flag F2 is set at zero, the CPU 34 proceeds 
to step ST00. At" sTep S90", if the secoM^ 
F2 is set at one, the CPU 34 proceeds to step S120. 

At step S100, the CPU 34 determines whether or 
not the estimated yaw rate changing rate Y is equal to or 
greater than the associated reference value y 0 in the 
same manner as the first embodiment. If the condition 
of Y^y 0 is satisfied, the CPU 34 proceeds to step S150 
and generates a lock command. If the condition of Y<y 0 
is satisfied, the CPU 34 proceeds to step S1 10. 

At step S110, the CPU 34 determines whether or 
not the estimated lateral acceleration value Gc is equal 
to or greater than the associated reference value g 0 . If 
the condition of Gc^g 0 ' s satisfied, the CPU 34 pro- 
ceeds to step S150 and generates a lock command. If 
the condition of Gc<g 0 is satisfied, the CPU 34 pro- 
ceeds to step S1 10 A. 

At step S1 1 0A, the CPU 34 determines whether the 
estimated yaw rate changing rate Yh is equal to or 
greater than a reference value y 2 . The reference value 
y 2 may take an arbitrary value and is thus not required 
to be equal to the reference values yo or y 1 . If the condi- 
tion of Yh£y 2 is satisfied, the CPU 34 proceeds to step 
S150 and generates a command signal. If the condition 
of Yh<y 2 is satisfied, the CPU 34 proceeds to step 
S110B. 

At step S1 1 0B, the CPU 34 determines whether or 
not the presumed lateral acceleration Gch is equal to or 
greater than a reference value g 2 . The reference value 
g2 may take an arbitrary value and is thus not required 
to be equal to the reference values g 0 or g-j. If the con- 
dition of Gch>g 2 is satisfied, the CPU 34 proceeds to 
step S1 50 and generates a command signal. If the con- 
dition of Gch<g 2 is satisfied, the CPU 34 proceeds to 
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step S120 and performs the subsequent steps in the 
same manner as the first embodiment. At step S1 10, if 
the condition of AGc<g 0 is satisfied, the CPU 34 may 
skip steps S110A, S110B, S120. S130 and proceed 
directly to step S140. Furthermore, if the condition of 5 
Gch<g 2 is satisfied in step S1 10B, the CPU 34 may skip 
steps S120, S130 and proceed directly to step S140. 

Accordingly, when any one of the yaw rate changing 
rates Y, Yh, Ys and the lateral accelerations Gc, Gch, 
Gs becomes equal to or greater than the associated ref- 10 
erence values yo, y 2 , Yi» 9o. 92» 9i» tne condition for 
locking the axle is satisfied. 

The advantages obtained in the second embodi- 
ment are described below. 

15 

(a) When the wheel angle sensor 21 and the handle 
angle sensor 25 are functioning normally, the CPU 
34 obtains the wheel angle 6 detected by the wheel 
angle sensor 21 and the handle angle sensor H9. 
The CPU 34 also calculates the yaw rate changing 20 
rates Y, Yh, Ys and the lateral accelerations Gc, 
Gch, Gs based on the yaw rate cos detected by the 
gyroscope 45. When any one of the yaw rate 
changing rates Y, Yh, Ys and the lateral accelera- 
tions Gc, Gch, G s becomes equal to or greater than 25 
the associated reference values y 0 , y 2 , y-j, 9o. 92» 

g 1t the CPU 34 locks the axle restricting mecha- 
nism, which includes the damper 13 and the elec- 
tromagnetic switch valve 14. Therefore, the 
stabilization of the forWift 1 is guaranteed when 30 
changing directions. 

(b) When the wheel angle sensor 21 is malfunction- 
ing but the handle angle sensor 25 is functioning 
normally, the CPU 34 calculates the yaw rate 35 
changing rates Yh f Ys and the lateral accelerations 
Gch, Gs based on the handle angle He detected by 
the handle angle senor 25 and the yaw rate g>q 
detected by the gyroscope 45. When any one of the 
yaw rate changing rates Yh, Ys and the lateral 40 
accelerations Gch, Gs becomes equal to or greater 
than the associated reference values y 2 , y-|, g 2 » 9i. 

the CPU 34 locks the axle restricting mechanism, 
which includes the damper 13 and the electromag- 
netic switch valve 14. Therefore, the stabilization of 45 
the forWift 1 is guaranteed when changing direc- 
tions despite the malfunctioning wheel angle sen- 
sor 21 . 

(c) The CPU 34 calculates the yaw rate changing so 
rate Ys and the lateral acceleration Gs based on 
the yaw rate o s detected by the gyroscope 45 even 
when the wheel angle sensor 21 and the handle 
angle sensor 25 are both malfunctioning. When any 
one of the yaw rate changing rate Ys and the lateral ss 
acceleration Gs becomes equal to or greater than 

the associated reference values y-j, g-j, the CPU 34 
locks the axle restricting mechanism, which 



includes the damper 13 and the electromagnetic 
switch valve 14. Therefore, the stabilization of the 
fbrkTrft 1 is guaranteed when changing directions 
regardless of the wheel angle sensor 21 and the 
handle angle sensor 25 both malfunctioning. 

(d) The advantages described in paragraphs (d) to 
(i) are also obtained in this embodiment. 

A third embodiment according to the present inven- 
tion will now be described. 

In the first embodiment, when the CPU 34 calcu- 
lates the yaw rate changing rate Y from equation (2), 
that is, Y=V • A(1/r)/AT , the vehicle velocity V is consid- 
ered as being constant. However, in this embodiment, 
the CPU 34 takes into consideration the changes in the 
vehicle velocity V. The third embodiment differs from the 
first embodiment only in the equation for calculating the 
yaw rate changing rate Y. 

In the same manner as the first embodiment, the 
third embodiment employs the wheel angle sensor 21, 
the handle angle sensor 25, and the vehicle speed sen- 
sor 22. In this embodiment, the yaw rate changing rate 
Y (=Aca/AT) is calculated by using equation (3) in lieu of 
equation (2) to reflect chang es [n the vehicle speed V. 

Equation (3)~is!ihown below'agaih. 

Y=V • A(1/r)/AT+AV/AT ♦ (1/r) (3) 

The ROM 35 stores the following equation (3a) to 
calculate the yaw rate changing rate Y from equation 
(3). 

Y=V • |1/r-1/r1[/AT+(1/r) • [V-V1[/AT (3a) 

In equation (3a), V1 , V represents the vehicle veloc- 
ity before and after the predetermined time 
AT(=n • ATo) elapses. Furthermore, 1/r1, 1/r are turn- 
ing radius reciprocals that are obtained from the wheel 
angles 61, 6 by referring to maps. In this embodiment, 
the RAM 36 stores a number of prior wheel angle data 
0 and vehicle velocity data V. 

An equation such as the following equation (4) may 
be used instead of equation (3) to compute the yaw rate 
changing rateY. 

Y=A(V/r)/AT (4) 

The ROM 35 stores the following equation (4a) to 
calculate the yaw rate changing rate Y based on equa- 
tion (4). 

Y=|Ys-Ys1|/AT(=|Vr-V1/r1|/AT) (4a) 

In equation (4a), Ys1, Ys represent the yaw rate 
data before and after the predetermined time AT 
elapses and may also be indicated as Ysl=V1/r1 and 
Ys=V/r . V1, V represent vehicle velocities before and 
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after the predetermined time AT elapses, while 1/r1 , 1/r reference values g 0l ti 0 are obtained through experi- 

represerrt the turning radius reciprocals before and after ments and theoretical calculations and are set so that 

the predetermined time AT elapses. The CPU 34 stores the rear axle 1 0 is locked when necessary to stabilize 

a number of prior lateral acceleration data Gc in the the traveling forWrft. 

RAM 36. Noise increases when the detected vehicle s Th e lateral acceleration time differential AG/AT, or 

velocity V is employed as the changing amount. There- lateral acceleration changing rate <n is obtained from the 

fore, in this embodiment, software for filtering the noise following equation (5). 
is provided to prevent an increase in the amount of 

noise. The CPU 34 uses equations (3a) or (4a) to calcu- t\=AGJAT=V 2 • A(1/r)/AT (5) 

late the yaw rate changing rate based on the present w 

data of V, 1/r and the prior data of V1 , 1/r1 taken earlier -p^ lateral acceleration changing rate n is calcu- 

by a predetermined time AT. Iated from the fo n owin g equation (5a), which is a modif i- 

The following advantage is obtained from the third cation of equation (5), using the wheel angle 6 (or 

embodiment. handle angle HO), the vehicle velocity V, and a map. 

15 

(a) In this embodiment, the yaw rate changing rate t]=AG/AT=V 2 • |1/r-1/r1 |/AT (5a) 
Y is obtained taking into consideration changes in 

the vehicle velocity with respect to time using equa- In equation (5a), r\ represents the lateral accelera- 
tions (3) and (4). Thus, an accurate yaw changing tion changing amount per predetermined time AT (e.g., 
rate Y may be obtained even when changes in the 20 ten milliseconds), while 1/r and 1/r1 each represent the 
vehicle velocity V cannot be ignored such as during turning radius reciprocal before and after the predeter- 
acceleration or deceleration (e.g., during applica- mined time AT elapses. 

tion of the brakes). Accordingly, the rear axle 10 is The lateral acceleration changing rate i\ corre- 

iocked when necessary regardless of changes in sponds to the time differential of equation (1) described 

the^ehicle velocity. This prevents unnecessary 25 in the first embodiment and is represented by the follow- 

locking of the rear axle. ing equation. 



A fourth embodiment according to the present 
invention will now be described with reference to Figs. 
16 and 17. The hardware structure of this embodiment 
is the same as that of the first embodiment. Thus, like 
and identical corresponding elements will be denoted 
with the same reference numerals in this embodiment. 

In the fourth embodiment, the lateral acceleration 
changing rate is used as the judgement value in lieu of 
the yaw rate changing rate Y The sensor testing routine 
performed in this embodiment is identical to that per- 
formed in the first embodiment. The tilt control program 
differs from that performed in the first embodiment. 

Various program data are stored in the ROM 35. 
Such data include the tilt control routine shown in the 
flowchart of Figs. 16 and 17. 

In this embodiment, the lateral acceleration Gc (or 
centrifugal force applied to forWift when changing direc- 
tions) and the lateral acceleration changing rate n are 45 
obtained and then used as the judgement values. The 
rear axle 10 is locked when either the lateral accelera- 
tion Gc or the lateral acceleration changing rate n 
become equal to or greater than an associated refer- 
ence value. 50 

In the flowchart shown in Figs. 16 and 17, steps 
S10, S40, S50, S60B are carried out to detect the first 
and Second judgement values. Steps S10, S70, S80A 
are carried out to detect the third judgement value. 
Steps S100A to S150 are carried out to control the tilt- 55 
ing of the axle. 

The ROM 35 stores the reference value ti 0 associ- 
ated with the lateral acceleration changing rate r\. The 



tl=V 2 • A(1/r)/AT+(1/r) • 2V • AV/AT (6) 

In equation (6), the second clause AV/AT repre- 
sents the changing rate of the vehicle velocity V. The 
vehicle velocity V of the forWift 1 when changing direc- 
tions is normally considered as being constant. Thus, 
the value represented by AV/AT is much smaller than 
the value represented by A(1/r)/AT, which is shown in 
the second clause. In this embodiment, the second 
clause in equation (6) is ignored and the value of ti is 
obtained from equation (5). 

The ROM 35 stores the reference value r\ r of the 
lateral acceleration changing rate t\. The reference val- 
ues g 0 , m are obtained through experiments and theo- 
retical calculations and are set so that the rear axle 10 
is locked when necessary to stabilize the traveling fork- 
lift. 

The lateral acceleration time differential AG/AT, or 
lateral acceleration changing rate t| S , is obtained from 
the following equation (7). 

^ S =AG/AT=V • A(d/AT (7) 

In this embodiment, the values a> s and V are used 
to calculate the lateral acceleration changing rate r\$ 
from equation (7a), which is a modification of equation 
(7)- 

7! S =AG/AT=V • [© s -g)1 |/AT (7a) 
In equation (7a), ri s represents the lateral accelera- 
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tion changing rate per predetermined time AT (e.g., ten 
milliseconds), while © s , ©1 represent the angular accel- 
eration before and after the predetermined time AT 
elapses. 

The flowchart of Figs. 16 and 17 will now be s 
described. 

In the flowchart, step S60 of the flowchart shown in 
Fig. 8 of the first embodiment is changed to step S60B. 
Step S80 is changed to step S80A, step S1 00 is 
changed to step S100A, and step 120 is changed to io 
step S120A. The other steps are identical to the corre- 
sponding steps of the first embodiment. 

When executing the tilt control routine in accord- 
ance with the flowchart of Figs. 16 and 1 7, the CPU 34 
proceeds to step S60B after carrying out step S50. At is 
step 60B, the CPU 34 calculates the lateral acceleration 
changing rate t|. In other words, the CPU 34 reads the 
wheel angle data 01, which was taken earlier by a pre- 
determined time AT, from a predetermined area of the 
RAM 36. The CPU 34 then obtains the turning radius 20 
reciprocal 1/r1 corresponding to the value of 01 and 
obtains the value of r\ from equation (5). Afterward, the 
CPU 34 proceeds to step S70. 

At step S70, the CPU 34 calculates the lateral 
acceleration Gs. At step 80A, the CPU 34 calculates the 25 
lateral acceleration changing rate t\ s based on the vehi- 
cle velocity V and the yaw rate g> s from the following 
equation: 

n s =V*Aco s /AT 30 

At step S90, the CPU 34 judges whether or not the 
second malfunction flag F2 is set at one. If the handle 
angle sensor 25 is functioning normally and the second 
malfunction flag F2 is set at zero, the CPU 34 proceeds 35 
to step S1 00 A. 

At step S100A, the CPU 34 determines whether or 
not the lateral acceleration changing rate n is equal to or 
greater than the associated reference value ti. 0 . If the 
condition of t\>t\q is satisfied, the CPU 34 proceeds to 40 
step S150 and generates a lock command. If the condi- 
tion of n<no is satisfied, the CPU 34 proceeds to step 
S110. 

At step S1 10, the CPU 34 determines whether the 
presumed lateral acceleration Gc is equal to or greater 45 
than the reference value g 0 . If the condition of Gteg 0 is 
satisfied, the CPU 34 proceeds to step S1 50 and gener- 
ates a lock command. If the condition of Gc<g 0 is satis- 
fied, the CPU 34 proceeds to step S120A. 

At step S1 20A, the CPU 34 determines whether the so 
lateral acceleration changing rate n. s is equal to or 
greater than the reference value r^. If the condition of 
ns^m is satisfied, the CPU 34 proceeds to step S 150 
and generates a lock command. If the condition of 
-ns<ni is satisfied, the CPU 34 proceeds to step S130. ss 

At step 130, the CPU 34 determines whether the 
lateral acceleration Gs is equal to or greater than the 
reference value Qi . If the condition of Gs^ is satisfied, 



the CPU 34 proceeds to step S150 and generates a 
lock command. If the condition of Gs<gt is satisfied, the 
CPU 34 proceeds to step S140 and generates an 
unlock signal. 

When any one of the yaw rate changing rates r\, t\$ 
and the lateral accelerations Gc, Gs becomes equal to 
or greater than the associated reference values t\q, ni, 
9o. 9i» tne electromagnetic switch valve 14 is switched 
to the closing position to lock the rear axle 10. 

At step S90, if the handle angle sensor 25 is mal- 
functioning and the second malfunction flag F2 is set at 
one, the CPU 34 proceeds to step S120A. At steps 
S120A and S130, the CPU 34 determines whether or 
not the lateral acceleration changing rate t| S and the lat- 
eral acceleration Gs, which correspond too the yaw rate 
cos detected by the gyroscope 45, are greater than the 
associated reference values. Based on the results of 
steps S120A and S130, the CPU 34 determines 
whether or not to generate a lock command or an unlock 
command. 

Accordingly, the axle locking condition is satisfied if 
any one of the yaw rate changing rates ti, r| S and the lat- 
eral accelerations Gc, Gs becomes equal to or greater 
than the associated reference values no, ni» 9o- 91 ■ 

The following advantages are obtained from the 
fourth err^xJirrient. 

(a) When calculating the lateral acceleration chang- 
ing rate t\ in the fourth embodiment, the CPU 34 dif- 
ferentiates the wheel angle 6 detected by the wheel 
angle sensor 21 , which is unaffected by vibrations 
of the forklift, and the value 1/r, which is obtained 
from the handle angle HO. Accordingly, the lateral 

t acceleration changing rate ti may be estimated with 
high reliability regardless of noise amplification. 

(b) In this embodiment, the lateral acceleration 
changing rate r\ is used as a judgement value to 
determine whether or not to lock the rear axle. 
Thus, the rear axle is readily locked when the forklift 
1 starts to change, directions or when the forWift 1 
is turned from one direction to another. This stabi- 
lizes the forWift 1 . 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
specific forms without departing from the spirit or scope 
of the invention. Particularly, it should be understood 
that the present invention may be embodied in the fol- 
lowing forms. 

(1) The values detected by each sensor and the 
judgement values calculated from the detected val- 
ues may be processed by a low pass filter to elimi- 
nate noise. 

(2) The wheel angle 8 need not be detected from 
the turning amount of the associated king pin 20. 
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For example, the wheel angle 0 may be detected by 
a sensor that detects the position of a piston 
employed in a steering cylinder of a power steering 
apparatus. 

5 

(3) The sensors that detect the values used to cal- 
culate the judgement values are not limited to two 
types. For example, three or more types of sensor 
that detect different subjects may be used to obtain 
the judgement values. 10 

(4) The tilting of the axle need not be restricted by 
completely locking the axle. For example, the tilting 
of the axle may be limited within a small range. The 
advantages of the present invention are obtained is 
as long as the tilting of the axle is restricted within a 
narrow range. 

(5) The present invention may be applied to a forkJift 
driven by batteries. The present invention may also 20 
be applied to industrial vehicles other than forWifts. 

Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 25 
herein, but may be ; modified within the scope~andequiv- 
alerice of the appended claims. 

An industrial vehicle including a frame, an axle piv- 
otally mounted on the frame, a restriction mechanism 
for restricting the pivotal movement of the axle, a pair of 30 
vehicle wheels rotatably supported on the axle, and a 
steering mechanism having a steering wheel for steer- 2. 
ing the vehicle wheels in accordance with rotation of the 
steering wheel. A first detecting device detects an angu- 
lar position of the steering wheel. The angular position 35 
represents a steering amount of the steering wheel. A 3. 
second detecting device detects a wheel angle. The 
wheel angle is the angle between a plane perpendicular 
to a rotation axis of the vehicle wheel and a line repre- 
senting straight running of the vehicle. A third detecting 40 4. 
device detects a yaw rate of the vehicle. A fourth detect- 
ing device detects a vehicle speed. A calculating mech- 
anism calculates a plurality of variables based on the 
detected angular position of the steering wheel, wheel 
angle, yaw rate and vehicle speed. The variables 45 
include lateral acceleration, yaw rate changing rate, and 
lateral acceleration changing rate. A control mechanism 
controls the restriction mechanism to restrict the pivotal 
motion of the axle when one of the variables exceeds a 
predetermined reference value. so 

Claims 

1. An industrial vehicle for conveying a load mounted 
thereon, comprising: 55 

5. 

a frame; 

an axle pivotally mounted on the frame; 



a restriction mechanism for restricting the piv- 
otal movement of the axle; 
a pair of vehicle wheels rotatably supported on 
the axle; 

a steering mechanism having a steering wheel 
for steering the vehicle wheels in accordance 
with rotation of the steering wheel; 
a first detecting device for detecting an angular 
position of the steering wheel, the angular posi- 
tion representing a steering amount of the 
steering wheel; 

a second detecting device for detecting a wheel 
angle, wherein the wheel angle is the angle 
between a plane perpendicular to a rotation 
axis of the vehicle wheel and a line represent- 
ing straight running of the vehicle; 
a third detecting device for detecting a yaw rate 
of the vehicle; 

a fourth detecting device for detecting a vehicle 
speed; 

calculating means for calculating a plurality of 
variables based on the detected angular posi- 
tion of the steering wheel, wheel angle, yaw 
rate and vehicle speed, the variables including 
lateral acceleration, yaw rate changing rate and 
lateral accelerati 

control means for controlling the restriction 
mechanism to restrict the pivotal motion of the 
axle when one of the variables exceeds a pre- 
determined reference value. 

The industrial vehicle according to Claim 1 , wherein 
the variables comprise the lateral acceleration and 
the yaw rate changing rate. 

The industrial vehicle according to Claim 1 , wherein 
the variables comprise the lateral acceleration and 
the lateral acceleration changing rate. 

The industrial vehicle according to Claim 1 further 
comprising: 

determining means for determining in accord- 
ance with the detected angular position and the 
wheel angle whether the wheel angle alters in 
response to the angular position of the steering 
wheel; 

wherein the control means determine in 
accordance with the determination of the deter- 
mining means whether the second detecting 
device is out of order, wherein the control 
means activates the restriction mechanism 
when the determination of the control means 
represents malfunction. 

The industrial vehicle according to Claim 1 , wherein 
the steering mechanism includes a steering shaft 
that rotates integrally with the steering wheel, 
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wherein the first detecting device is provided at the 
steering shaft and includes a disk having a plurality 
of slits and a plurality of photo couplers for detect- 
ing light beams passing through the slits. 

5 

6. The industrial vehicle according to Claim 1 , wherein 
the restriction mechanism comprises; 

a cylinder for connecting the axle to the frame, 
the cylinder allowing the pivotal motion of the w 
axle by expanding and contracting under a 
pressure of oil; 

a conduit for supplying the oil to the cylinder; 
a control valve connected to the conduit for 
selectively opening and closing the conduit; is 
and 

a control unit for controlling the control valve, 
wherein the supply of the oil from the conduit to 
the cylinder is allowed when. the conduit is 
opened, and wherein the supply of the oil is 20 
stopped when the conduit is closed. 

7. The industrial vehicle according to Claim 1 , wherein 
the steering mechanism includes a pair of king pins, 
the vehicle wheels being conn ected to the axle by 25 
associated king pins, the second detecting device 
being mounted on one of the king pins. 

8. The industrial vehicle according to Claim 1 , wherein 
the vehicle wheels are rear wheels. 30 

9. An industrial vehicle for conveying a load mounted 
thereon, comprising: 

a frame; 35 
an rear axle pivotally mounted on the frame; 
a restriction mechanism for restricting the piv- 
otal movement of the rear axle; 
a pair of rear wheels rotatably supported on the 
rear axle; 40 
a steering mechanism having a steering wheel 
for steering the rear wheels in accordance with 
rotation of the steering wheel; 
a first detecting device for detecting an angular 
position of the steering wheel, the angular posi- 45 
tion representing a steering amount of the 
steering wheel; 

a second detecting device for detecting a wheel 
angle, wherein the wheel angle is the angle 
between a plane perpendicular to a rotation so 
axis of the vehicle wheel and a line represent- 
ing straight running of the vehicle; 
a third detecting device for detecting a yaw rate 
of the vehicle; 

a fourth detecting device for detecting a vehicle ss 
speed; 

calculating means for calculating a plurality of 
variables based on the detected angular posi- 
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tion of the steering wheel, wheel angle, yaw 
rate and vehicle speed, the variables including 
lateral acceleration, yaw rate changing rate and 
lateral acceleration changing rate; and 
control means for controlling the restriction 
mechanism to restrict the pivotal motion of the 
rear axle when one of the variables exceeds a 
predetermined reference value. 

1 0. The industrial vehicle according to Claim 9, wherein 
the variables comprise the lateral acceleration and 
the yaw rate changing rate. 

1 1 . The industrial vehicle according to Claim 9, wherein 
the variables comprise the lateral acceleration and 
the lateral acceleration changing rate. 

12. The industrial vehicle according to Claim 9 further 
comprising: 

determining means for determining in accord- 
ance with the detected angular position and the 
wheel angle whether the wheel angle alters in 
response to the angular position of the steering 
wheel; 

wherein the control means determine in 
accordance with the determination of the deter- 
mining means whether the second detecting 
device is out of order, wherein the control 
means activate the restriction mechanism 
when the determination of the control means 
represents malfunction. 

1 3. The industrial vehicle according to Claim 9, wherein 
the steering mechanism includes a steering shaft 
that rotate integrally with the steering wheel, 
wherein the first detecting device is provided at the 
steering shaft and includes a disk having a plurality 
of slits and a plurality of photo couplers for detect- 
ing light beams passing through the slits. 

14. The industrial vehicle according to Claim 9, wherein 
the restriction mechanism comprises; 

a cylinder for connecting the rear axle to the 
frame, the cylinder allowing the pivotal motion 
of the rear axle by expanding and contracting 
under a pressure of oil; 
a conduit for supplying the oil to the cylinder; 
a control valve connected to the conduit for 
selectively opening and closing the conduit; 
and 

a control unit for controlling the control valve, 
wherein the supply of the oil from the conduit to 
the cylinder is allowed when the conduit is 
opened, and wherein the supply of the oil is 
stopped when the conduit is closed. 
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15. The industrial vehicle according to Claim 9, wherein 
the steering mechanism includes a pair of king pins, 
the rear wheels being connected to the rear axle by 
associated king pins, the second detecting device 
being mounted on one of the king pins. 

1 6. The industrial vehicle according to Claim 9, wherein 
the industrial vehicle is a forHift 
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